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VISITS  TO  IIYDIIAULK;  LAHORATOKIKS  I.\  Till-:  NKI'IIKRLANDS 
AND  KNGLANI),  APRIL  1969 

by 

l.cvi  A.  Brown,  (X)!,, 

PURPOSE  OF  VISITS 

1.  In  order  to  ttbserve,  compare,  and  study  the  organization,  physical  facilities,  and  type  projects 
under  investigation  at  other  hydraulic  laboratories  performing  work  similar  to  that  being  done  at  the  U.  S. 
Army  Kngineer  Waterways  Experiment  Station,  the  Director  requested  and  obtained  permission  from  the 
Chief  of  Engineers  to  visit  the  Delft  Hydraulics  Laboratory  in  the  Netherlands  and  the  Hydraulics  Research 
Station,  Wallingford,  England,  in  April  1969.  Arrangements  for  the  visits  were  made  by  correspondence  to 
the  Directors  of  these  laboratories. 

DELFT  HYDRAULICS  LABORATORY 

2.  On  16  April  1969  at  11:00  a.m.  I departed  Vicksburg  and  by  a combination  of  Government 
car  and  airplane  transport  arrived  in  Amsterdam,  Netherlands,  at  11:00  a.m.  17  April,  almost  three  hours 
behind  the  scheduled  arrival  time.  I took  an  airport  bus  to  the  Hague  where  I was  met  by  Mr.  A.  Paape, 
head  of  the  laboratory  element  in  Delft.  We  had  lunch  at  the  Wilhelmina  Hotel  in  Delft  where  we  were 
joined  by  Mr.  J.  E.  Prins,  Deputy  Director,  Delft  Hydraulics  Laboratory.  Because  of  my  late  arrival 

.Mr.  Paape  had  to  leave  immediately  after  lunch.  Appendix  A* **  describes  and  gives  the  organization  of 
the  laboratory. 

3.  Mr.  Prins  took  me  to  the  new  facilities  recently  constructed  for  the  Delft  Hydraulics  Laboratory 
on  the  outskirts  of  the  campus  of  the  Delft  Technical  Institute.  There  we  toured  the  Rijnmond  tidal  model 
which  is  a large  indoor,  fixed-bed  tidal  model  of  the  approach  to  the  harbor  of  Rotterdam  (see  Appendix  B 
and  figs.  1-3).  The  model  is  constructed  at  a horizontal  scale  of  1 to  640  and  a vertical  scale  of  1 to  64, 
The  model  was  exceptionally  well  equipped.  The  concrete  portions  of  the  model  were  painted  yellow  for 
the  dry  land,  the  .sea  portion  was  painted  black  to  accentuate  the  contrast  in  photographs  taisen  ol  floating 
objects  used  in  velocity  measurements,  The  instrumentation  was  modern  and  of  exceptionally  fine  ap- 
pearance. The  parts  were  either  chrome  plated  or  finished  as  a well-made  camera  ease  might  be.  The  tidal 
generators  were  of  the  spilling  weir  variety  with  each  spilling  weir  section  of  approximately  10  ft  in  length 
being  individually  programmed  and  controlled  by  paper  tape  instructions  in  control  rooms.  Data  on  water- 
surface  elevations,  currents,  and  salinities  were  sensed  by  electronic  instrumentation  and  recorded  in  inclosed 
control  rooms.  The  recording  in  general  was  done  by  continuous  lines  on  oscillographs  or  rolls  of  paper. 

4.  Also  included  in  the  same  building  with  the  model  of  Rotterdam  was  a large  tidal  salinity  flume 
101.5  meters  long,  0.672  meters  wide  and  0.50  meters  deep.  It  was  equipped  with  a 6-  by  8-meter  tidal 
basin,  tide  generating  mechanisms  at  both  the  seaward  and  the  upstream  end,  a system  to  introduce  fresh 
water  at  the  upstream  end  and  remove  it  at  the  seaward  end,  and  a system  to  maintain  a constant  salinity 

* Director.  U.  S.  Army  Engineer  Waterways  Experiment  Station. 

**  The  appendices  to  this  report  consist  of  pamphlets  and  booklets  given  to  the  author  at  Delft  and  Wallingford. 
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in  tlu-  sea.  I'lic  objectives  of  the  flume  suuiv  were  to  ileteiimne  me.ois  to  improve  the  uproiluetion  ol  sa- 
linitv  intrusion  in  a ilistorleil  h\draulic  iiunlel  a:-  the  Roiienlam  Harbor  moilel,  ami  lo  impnne  the  capa- 
Irihties  of  carrying  out  tidal  computations  for  coiulitioirs  of  nonhomogeneous  flow.  Mr.  frank  Herrmann, 
engineer  at  the  Waterways  lixperiment  St.ition,  had  used  this  flume  while  ilomg  grailuate  wurk  at  the  Debt 
I'eehnical  Institute  in  1967-1969. 

5.  .\fter  visiting  the  tidal  model  and  salinity  flume,  1 aeeontpanied  Mr.  I'rms  on  a tour  ot  the  new 
two  million  dollar  wind-wave  flume  facility  in  the  same  compound  as  the  Kotterdaiti  Harbor  imulel.  I he 
facilitv  has  tveo  wind-wave  flumes  (see  Appendix  (!).  I he  large  flume  is  about  lot)  meters  long,  K meters 
wide  measured  on  the  waterline,  and  10  meters  wide  on  the  air  profile.  It  is  connected  with  a ware  basin 
It)  b\  25  st|uare  meters.  I'he  small  wind-wave  flume  is  about  100  meters  long  and  2 meters  wide  meas- 
ured on  the  water.  The  facility  is  quite  modern  and  has  excellent  instrumentation  to  program  r.indom  t\  pe 
waves  into  the  flume.  These  waves  are  sustained  by  the  wind  blowing  over  the  stirfaee  of  the  water.  1 he 
waves  attack  various  model  sections  in  the  flume.  The  characteristics  of  the  waves,  their  Irequencc,  their 
height,  and  their  energy  are  measured  and  recorded  by  quite  sophisticated  electronic  instrumetit,ition. 

6.  .After  leaving  the  wind-wave  flume  we  went  to  the  old  Delft  Hydraulics  l.aborators  facilities  in 
the  center  of  Delft.  There  I met  .Mr.  11.  J.  Schoemaker,  the  Director.  After  a brief  discussion  w ith 

.Mr.  Schoemaker,  I toured  the  facilities  in  the  old  laboratory  building  (figs.  4-5)  with  .Mr.  I’rms;  we  rcMesced 
numerous  flutnes,  lock-filling  devices  for  forces  on  valves,  a saltwater  controlling  lock  study  for  which  the 
prototvpe  lock  has  been  completed  within  the  last  six  months,  and  a small  wand  tunnel  constructed  of  pl\- 
wood.  Operations  in  this  older  facility  are  being  phased  down  as  the  newer  facilities  are  being  constructed 
near  the  Delft  Technical  Institute  just  outside  of  Delft  and  as  increased  facilities  are  being  constructed  at 
the  Dc  Voorst  Laboratory  in  the  NT.  polder. 

7.  That  evening  I went  to  the  home  of  .Mr,  Schoemaker  for  dinner.  ,\ftcr  dinner  we  had  an  exten- 
sive discussion  about  the  operation  of  hcdraulics  laboratories.  I found  we  had  many  common  problems  in 
funding,  management,  and  technical  investigations.  The  split  operation  ot  the  Delft  llsdraulies  Laboratory 
is  due  to  the  availability  of  large  areas  of  land  in  the  NL  polder,  and  origmalU'  a plan  that  the  Helgians 
would  share  the  cost  of  this  new  facility  which  they  did  not  continue  to  do  lor  tery  long.  .Mr.  Schoemaker 
expressed  concern  in  the  use  of  mathematical  models  in  lieu  of  hyilraulic  models  since  he  felt  that  the  engi- 
neer would  lose  his  ability  to  have  a feel  for  what  is  happening  and  to  properU'  use  judgment.  He  pointed 
out  that  in  the  selection  of  a model  scale,  which  is  done  arbitrarilv  based  on  judgment  and  which  will  pro- 
vule  a model  that  will  produce  what  has  occurred  historicalK  that  has  been  observed  and  recorded,  we  as- 
sume that  modifications  that  are  made  will  produce  proper  changes  in  the  model.  There  is  the  hazard  that 
unobserved  relationships  will  be  of  importance  and  that  the  scaling  will  not  be  proper.  He  gave  as  an  ex- 
ample the  presence  of  littoral  currents  combined  with  offshore  waves  perpendicular  to  the  littor.il  currents 
in  a moilel  study,  of  a breakwater  off  the  coast  of  Israel  in  which  he  h.id  participated.  .Mr.  Schoemaker 
noted  that  velocities  do  not  add  vectorially  in  distorted  models  because  the  scaling  laws  arc  in  a quadr.itic 
relationship.  .Mr.  Schoemaker  noted  that  his  models  were  not  cheap.  In  fact,  in  his  words  liis  models  were 
lavish.  The  models  at  the  British  Hydraulics  Research  Station  at  Wallingford  were,  in  Mr.  Schoemaker's 
opinion,  generally  less  expensive  than  those  in  Delft.  I found  .Mr.  Schoem.iker  to  be  a delightful  consersa- 
tionalist  with  great  depth  of  knowledge  and  perception 

S.  On  IS  June  I was  driven  from  the  Hague  lo  ihc  De  \'oorst  L.iborators  m ihc  NT  iiolder 
(.\ppendix  D)  by  .Mr.  J.d.H.R.  Diephuis,  Head  of  the  Site  lincstigalions  Scmcc  of  ihe  Delft  Hsdraulics 
Laboratory.  While  enroute  to  the  De  \'oorst  l.aborators,  Mr.  Diephuis  explained  the  oper.itions  of  his 
Site  Investigations  Service  organization  (see  Appendix  .\).  I heir  engineers  might  be  in  the  field  for  .is 
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4.  Interior,  old  laboratory  hall,  Delft  Hydraulies  l,aborator>’ 


5.  I’lvwood  wind  tunnel,  old  laboratory  hall.  Delft  Hydraulies  l.aboratory 
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lonj;  a^  Dnc  voar  at  a time  cnlici tinj;  prototvpc  liata  on  currents,  tiiic  liciglits,  salinit>,  waves,  ami  othci 
ilata  neeJeil  tor  the  veritieaiion  ol  tile  lisilraulie  model,  lie  noted  that  in  the  area  of  deterinininj;  the  direc- 
tion of  a wave  they  still  were  eneonntennj;  prohicms,  that  sometimes  radar  was  of  use  hut  mostly  this  was 
done  hy  visual  techniques.  Mr  Diephuis  also  noteil  that  there  was  priee  competition  in  solieitiiij;  bids  from 
lu'draulie  laboratories  for  moilel  studies  for  projects  in  uiulertleveloped  countries.  In  several  instances  an 

' underdes eloped  country  has  requested  a proposal  from  several  hydraulics  laboratories  in  Kurope  and  has  se- 

lected the  laboratory  with  the  lowest  priee  to  do  the  job. 

d.  At  the  Laboratory  He  \ oorst  I was  escorted  by  Mr.  I).  Gersie,  Deputy  Head,  for  most  of  my 
visit.  I he  l.aboratory  De  Voorst  has  over  300  acres  of  land.  I'he  original  eoneept  was  that  the  model 
studies  would  be  ilone  in  the  open  air.  However,  the  present  trend  is  to  enclose  the  models  in  buildings 
to  allow  for  uninterrupted  operation.  I toured  the  wind-wave  flume  (Appendi.x  L)  which  is  a smaller  scale 
facility  than  the  new  wind-wave  flume  in  Delft.  We  also  viewed  the  high-diseharge  flume  (Appendix  I ). 

We  visited  several  open-air  hydraulic  models.  In  one  of  the  models,  the  movable-bed  material  was  of  a gran- 
ular plastic  and  Mr.  Gersie  said  that  they  had  had  excellent  results  with  the  granular  plastic  material. 

10.  In  touring  the  facilities  at  the  l.aboratory  De  Voorst,  I viewed  a river  model  with  sand  as  a mov- 
able bed.  1 here  was  at  the  same  model  a drying  and  screening  facility  to  provide  sand  of  the  proper  grada- 
tion. .\nother  model  on  bed-load  transport  was  studying  the  effect  of  different  modeling  material  on  the 
roughness  factor.  It  is  planned  to  surface  the  river  bottom  with  a particular  size  aggregate  to  minimize 
scour  and  reduce  maintenance  dredging.  There  were  two  rather  large  models  of  a canal  intersecting  the 
Khine  River.  The  smaller  model  was  of  a movable-bed  type.  The  larger  model  of  the  same  area  was  of  a 
fixeil-bed  t\  pe  and  alloweil  man-carrying  model  tows  to  be  operated  within  the  model.  Another  channel 
model  had  a granular  plastic  heel  material  as  the  movable  bed.  In  a model  in  which  the  elo-.ing  of  caissons 
w'as  being  studied,  the  wind  had  a very  marked  effect  in  spite  of  tarpaulins  fieing  used  as  windbreaks,  f he 
operation  of  the  model  had  stopped  because  of  the  wind  on  the  day  that  I was  present. 

11.  After  visiting  several  open-air  models  I discussed  the  use  of  mathematical  models  with  .Mr.  ( If. 
\'reugdenhil,  mathematician.  Mr.  Vreugdenhil  said  that  they  useil  mathematical  moilels  for  preliminary  in- 
vestigations, for  rough,  quick  approximations  without  much  cost  involved.  In  some  eases,  the  study  will 
be  almost  entirely  mathematical,  as  in  water  hammer  studies  for  pumps,  in  the  regulation  of  water  levels 

in  polders,  in  drainage  canals  and  networks,  discharges  into  the  sea  affected  b\  tides,  flood  waves  aiul  river 
regulation.  'The  mechanism  of  sediment  transport  is  not  known  on  a large  scale;  however,  there  are  empir- 
ical transport  formulas  that  will  give  good  comparison  with  models.  Tor  some  of  the  tidal  models  they  will 
use  a two-dimensional  (horizontal  shape)  mathematical  ntodel  to  determine  the  seaward  boundary  of  the 
hydraulic  model.  The  Laboratory  De  Voorst  has  had  no  experience  in  hurricane  surge  modeling  since  they 
do  not  have  a need  for  this  in  Holland  which  has  nv)  hurricanes.  .Mathematical  modeling  has  been  used  in 
some  eases  for  wave  phenomena  and  refraction  of  waves  within  harbors  for  the  first  estimate  of  what  will 
happen.  In  the  area  of  density  currents  in  estuaries  they  have  used  some  two-layer  models  that  are  crude 
approximations  of  the  interchange  of  salt  and  fresh  water.  The  computers  available  to  the  laboratory  in- 
clude a GDC  3200  with  32K  of  memory  at  the  NL  polder  and  in  Delft  they  have  access  to  an  lU.M  360-65 
at  the  technical  university. 

12.  On  visiting  the  instrumentation  facility  at  Laboratory  De  X'oorst,  I was  shown  a Hewlett- 
I’ackard  .\-D  recorder  and  converter  that  can  handle  up  to  100  channels  and  take  40  readings  per  second 
to  si.x  significant  figures.  TOr  much  of  the  recorvling  of  inform;ition  in  the  past,  they  have  usevl  .inalog  re- 
eonlers.  eight  recorilers  at  12  channels  each,  that  arc  located  in  the  buildings  with  the  model.  Thev  have 

. foutul  that  this  ev|uipment  is  not  che;ip.  but  ih.it  they  ma\  incrc.ise  production  on  tlu-  model  .iiul  obtain 
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■Ill  iipproxim.iU'  3-iii.-tliKUiK'Ss  uilh  .i  bl.uk  i.'oloi(.'il  siiiul-ccnK'nt  moriar.  I lie  miivalilc-lieil  malenal  llial 
tlic\  I'lan  to  use  will  be  yranular  plastie. 

14.  We  later  visiteil  two  iiuloor  models  in  banpar  tspe  shelters  similar  to  our  aireralt  haiipars  at 

\ ieUsburg,  In  these  models  eoriolis  generating  devices  (.\ppendi.x  I))  were  being  used  to  duplicate  eurreiits 
caused  by  the  eoriolis  elfeet.  It  was  felt  that  the  eoriolis  effect  uas  signitieaiu  in  the  models  in  uhieh  the\' 
were  being  used;  in  most  of  their  model  studies,  however,  eoriolis  effect  was  not  considered  signilieant 

15.  During  the  tour  of  the  tid;tl  models  in  the  hangar-type  shelters,  1 learned  that  one  ol  the  tid,il 
moilels  required  the  eoriolis  dec  ees  for  verification.  Ilowecer,  they  were  not  sure  il  the  devices  were  re- 
quired in  the  second  model.  Since  a doubt  existed,  the  eoriolis  ilevices  were  purchased  and  installed.  It 
was  the  opinion  of  .\\r.  Vinje  that  the  deviees  were  not  needeil  in  the  secoiul  moelel.  However,  he  did  not 
regret  having  gotten  them  since  he  did  plan  to  use  them  in  his  large  six-acre  model  th.it  w.is  uiuler  con 
struction.  The  two  tidal  models  had  paper-tape-programmed  spilling  weirs  tor  tidal  generators.  Keconling 
of  data  was  by  automatic  electronic  recording  deviees.  In  the  shelter  there  was  also  a towing  tank  tor  cali- 
bration of  instruments. 

16.  Several  times  during  my  tour  of  the  Delft  laboratories  I asked  it  they  h.ul  noticeil  ;in_v  etteet 
of  temperature  on  bed  movement  or  seiliment  transport.  Several  of  their  engineers  were  lamiliar  veith  the 
article  b\  .Mr.  John  J.  hraneo  on  “Temperature  Kffeets  on  River  Discharges.''  I hese  same  engineers  hail 
noted  the  effects  on  model  operation  in  cold  weather;  however,  they  had  done  no  speeitic  testing  to  deter- 
mine the  precise  effect  of  temperature. 

17.  The  total  number  of  employees  of  the  Deltt  Ilydraulies  l.aboratory  has  been  increasing  at  a 
rate  of  about  I0"o  per  vear  for  the  past  several  years.  In  1966  they  employed  336,  m l‘>67,  39tt-  I'lieir 
present  estinnited  strength  is  appro.ximately  440  employees.  Ot  these,  230  are  employed  in  tiie  \l-.  polder 
and  210  in  Delft.  In  terms  of  area  of  land,  there  are  two  acres  approximately  in  the  original  hydraulics 
buildings  in  Delft,  approximately  40  acres  in  the  new  compound  at  the  Delft  Technical  Institute,  and  300 
acres  at  the  l.aboratory  De  V'oorst. 

HYDRAULICS  LABORATORY,  UNIVERSITY  OF  LONDON 

IK.  On  23  April  I visited  the  hvdraulies  laboratory  facilities  of  Imperial  College,  I'niversity  of 
London,  in  London  During  this  tour  I was  escorted  by  .Mr.  .Morris  Kenn,  Senior  Lecturer,  1 1\ draulics  De- 
partment. I’rofcssor  J.R.D.  l-'raneis.  Head,  Hydraulics  Department,  was  not  present.  I he  hydraulics  labo- 
ratory occupied  approximately  lO.OOO  sq  ft  of  floor  space  within  the  College  building.  .-Xmong  the  tv  pes 
of  studies  in  process  were;  one  study  of  the  resistance  of  a rock  tunnel  using  prototv  pc  data  obtained  on 
a tunnel  in  Malava;  tlow  with  wave  action  superimposed  on  a sand  bed  model;  studv-  ot  movement  ot  sedi- 
ments such  as  rocks  and  sand  grains  in  a Hume;  a eoriolis  table  approximatelv  25  ft  in  diameter  which  was 
under  construction.  .Mr.  Kenn  considered  eoriolis  forces  to  be  important  m the  Northern  Hemisphere  since 
thev  cause  5 niph  currents  in  the  f nglish  Channel.  .Most  of  the  small  studies  by  Master  Degree  students 
were  being  eondueted  in  small  4-in. -wide  flumes,  approximately  12  ft  long.  ,\n  improvised  wave  model  was 
constructed  using  a tarpaulin  lapped  over  concrete  blocks  outlining  the  rectangle  for  the  harbor  plus  a wave 
machine  to  generate  the  waves.  Another  study  had  to  do  with  cavitation  caused  by  air  entrainment.  I his 
studv  w.is  related  to  the  cooling  water  system  for  a nuclear  submarine.  A model  of  a dam  spillwav  vv.is 
under  construction  for  study  of  the  design.  A hydrology  study  included  a series  of  pipes  with  shower  heads 
to  sprinkle  water  or  “rain"  onto  soil.  The  water  then  flowed  through  the  soil  to  provide  information  on 
time  of  eoneentr.ition  and  perme.tbility  factors. 
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HYDRAULICS  RESEARCH  STATION,  WALLINGFORD,  ENGLAND 


1"*  On  24  1 \iMUil  the  1 1\ iIimuIks  Kese.iich  St.itlnn  nt  the  \lmislr\  of  1 lehnolnity  m W.illinj;- 

loi\l,  I nylaiul  ( Appeiulix  I ) To  reach  Wallmplorri.  I took  an  hnnr  tram  trip  from  I’ailJmpton  Station, 
l.omlon.  to  Keailmi;.  ,\t  Keadinj;  1 uas  met  by  a representative  of  the  llvilrauhes  Research  Station  ami 
vlriven  to  the  Station,  file  I Iv  lirai.lies  Research  Station  has  two  mam  fimetions  (a)  to  mvestipate  speeilie 
problems  in  the  fielil  of  civil  engmeermi;  hyiiraulies  for  orgam/.ations  both  m the  I nitevi  Kmgrlom  .mil 
overseas;  anil  (b)  to  eonilnet  research  itt  snpi'ort  of  this  work.  The  topics  eovereil  meluiie  How  assoeiateil 
with  hv ilroeleetrie  struetiires  anil  with  weirs  spillwavs.  ami  other  control  works.  Hooil  relief,  the  training 
anil  control  of  rivers  anil  estuaries,  the  ilevelopment  ol  ports  anil  harbors,  anil  coast  erosion.  Seale  moilels 
an  iiseil  extensivelv  . I'he  total  biiilget  of  the  Station  is  approximatcK'  one  tnillion  pounils  a year,  or 
Si. 40(1, 0011.  I'he  research  efforts,  which  aeeotmt  for  approximatcK  one-thiril  of  the  total  program  of  the 
Station,  are  fmatieeil  bv  l-eileral  futuls  from  the  Ministrv  of  feehnology.  I'Ik  retnainmg  work,  approxi- 
inatelv  two-thirds  of  the  total  Inulget,  is  reimbursable  type  studies  done  for  other  elements  of  the  National 
(iovernment  and  for  private  firms  and  foreign  governments. 

20.  .At  Wallingford  I met  .Mr.  R.C.II  Russell.  Director  of  the  ■lation.  lie  had  visited  the  Water- 
wavs  I xperimetit  Station  in  \'ieksburg  approximately  ten  vears  ago  .Among  other  things,  we  discussed 
teehniiiues  for  containing  oil  spills  and  the  possible  use  ol  floating  '.  -oms.  It  was  .Mr.  Russell's  opinion 
that  the  booms  eould  not  be  held  together  in  waves  of  anv-  magnitude.  'H  e Station  at  Wallingford  works 
ipiite  eloselv'.  according  to  .Mr.  Russell,  with  the  Delft  Laboratory.  Just  recently  they  had  an  exchange  of 
mstrumentation  personnel  for  a visit  of  approximalelv  one  week.  1 he  Station  at  Wallingford  oeeupies 

an  area  of  approximatelv  ‘20  acres  and  has  a staff  of  250.  .As  with  Delft,  this  staff  ineluded  personnel  to 
obtain  prototype  data. 

21.  I or  mv  detailed  tour  of  the  Station.  I was  turned  over  to  .Mr.  Jalfrev  . who  had  visited  \ ieks- 
bure  less  than  a year  ago.  .Mr.  Jaffrey.  a Section  Chief,  was  to  aet  as  my  guide.  As  noted  by  .Mr.  l ortson 
in  his  visit  in  l‘2b.t,  the  bulk  of  the  models  at  Wallingford  are  housed  in  one  large  main  hall.  I'he  hall  has 
overhead  cranes  to  aid  m moving  ei|uipment  and  in  taking  photographs.  I he  general  appearance  of  the 
hall  was  that  the  maximum  iitili/'ation  had  been  made  of  the  available  space;  in  fact,  the  models  appeared 
somewhat  crowded.  The  general  appearance  of  the  eipiipment  and  of  the  model  eonstruetion  was  that  it 
was  not  nearlv  as  lavish  as  that  of  the  Dutch  at  Delft.  In  fact,  in  the  model  eonstruetion.  the  roughness 
elements  seemed  to  be  more  of  an  improvised  or  expedient  material  and  teehniipies.  such  as  individual 
stones  or  pebbles  King  on  the  concrete,  atui  foldeil  metal  mesh  loosely  ph'eed  on  top  ol  fixed-bed  models. 
I'he  import. mee  of  doing  a stiidv  i|uiekl\  was  emphasi/ed  on  several  oeeasions  by  the  1 nghsh  engineers 
who  would  s.iv  that  thev  had  to  get  the  results  of  their  stiiilv  to  the  eontraetor  who  wanted  to  start 
eonstruetion  or  to  proceed  with  eonstruetion.  fhe  impressioti  given  me  was  that  in  Some  eases  the  results 
might  have  been  given  to  the  eontraetor  soonei  than  the  engineers  would  have  liked. 

22.  .As  at  Delft,  the  instrumentation  of  the  W.illingford  Station  was  i]uite  handsome  fhere  .ippi.ired 
to  be  more  ii.se  of  meeh.inieal.  gear-tvpe  ei|uipmetit  rather  than  electronic  ei|uipment  lor  programtnmg  tubs 
and  waves.  The  eolleetion  of  dal.i  was  similar  to  that  at  Delft  m that  it  was  by  electrical  instruments  that 
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tiil;il  cfU'its,  iisiii  a \.ilvc  j;ciKratiir  taMiiparabli'  to  that  iiscil  at  Vickshury  Mr  II  K.A.  I)cihn\,  Chief  <>l  the 
Instrumentation  hraneh,  esplamed  that  they  hail  little  eonliilenee  in  the  tahe  leehnH|ue  aiul  mueh  pre- 
ferreil  tlie  spilhnj;  weir  or  pneiimatie  title  generator. 

2J.  f or  niovahle-hed  suuhes,  many  different  t\  pes  of  material  teere  hemg  used,  sueh  as  sand,  granu- 
lar plastic,  granular  coal,  clinkers,  and  treated  sawdust.  .Mr.  Jalfrey  indicated  that  they  were  ohtaming 
good  results  with  all  of  these  materials. 

24.  Although  the  Station  had  done  some  model  work  outdoors  in  the  past,  the  treiul  was  toward 
having  all  models  operated  under  shelters.  Several  larger  sized  models  were  hemg  constructed  and  operated 
at  some  distance  from  Wallingfoial.  One  is  a model  of  the  Iluinher  cstuarx , another  is  a large  model  of 
the  Thames  estuarv  . The  Hydraulics  Research  Station  at  Wallingford  has  supers  ision  of  the  teehnieal  opera- 
tion of  these  models  away  from  their  home  station.  In  none  of  the  models  at  Wallingford  were  attempts 
maile  to  reproduce  eoriolis  effects. 

25.  Tittle  mathematical  modeling  was  under  way  or  under  consideration.  .A  computer  hail  only  re- 
cently been  installed  at  Wallingford.  Part  of  the  time  they  had  used  a computer  at  a nearby  atomic  energy 
authonty  installation.  At  the  present  time  the  computer  is  used  largely  for  ealeulations  and  data  processing. 

They  are  beginning  to  move  slowly  into  the  use  of  mathematical  models  for  refraction  of  waves  and  flood 
routing. 

/ CONCLUSION 

’ -> 

26.  .After  visiting  these  foreign  laboratories  and  discussing  the  visits  with  our  own  engineers  at  \ ieks- 
burg,  I have  come  to  the  conclusion  that  we  all  have  very'aiiany  common  piograms  and  problems.^  There 
are  more  similarities  about  our  model  scales  and  teehniijues  than  there.-are  differences.  The  differences, 
where  they  occur',  are  mostly  due  to  differences  in  the  problems  being  studied.  I found  my  trip  to  be  well 
worth  the  time  and  effort,  and  feel  that  senior  engineers  ot  the  Waterways  Txperiment  Station  should  make 
periodic  exchange  visits  to  foreign  laboratories  in  the  future. 
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’his  ^oi:L3ul  tat  iVM  w'T.K.  It  -.’'xmeo  out  a.':Ue«‘!.rne'.  ^ s for  puhii*;  a ith>.- 
ri'v^es  -i?id  private  organizations  in  the  Uetheriar.ds  a?.  I abr-ai. 
dire>-t  oY  t'no  studies,  xnireased  with  a proportions;  nhar-: 

the  j^eriOral  cost,  ir  r’nar^prl. 


Or<Tar.izatioi  » 


The  DHLKT  .HYDFAULI 'ht  i.APORAhOHY  was  estaUirhei  i.n  : a-,  i Y ry  • , 

tOi^ether  with  the  Delft  n^'il  Me'har.ios  Laoorat*  <ry , *he  i iht  ^ V/ater- 
bouvjku;;  i Laborat-  riuri”  ( Pout/iai  ion  Hyiraili'  yuyir.eerir.ir  naV  !‘h:  r,:  , 
an  ir.  lependent  •.-■.-proYit  orr^ar. i zat lo?. , v;hich  ir  •'•.f.rolied  by  a roari 
'’onnistirif^  of  ropreseutat  iver^  from  the  ^overnme?.  * , .so  lor.  tir*."'  ir.sti- 
tutions,  e :.{/■!  nee  ri  r.f’’  aons.il  taiitr*  a:,  i co?,tra'*t  ■'rr,  arpoir.te  y 'r.e  .-■’■overi — 
me*.i  •■)?*  the  lietherlar.  Is. 

v-Hh  DELPr  HYDRATLIOS  LABORATORY  -'overs  the  LABORATORY  DELFT,  the 
LA:-ORA'’OR''  DE  VOOKr^T  arri  the  LITE  IL'TOfTlaATIOL  3ERVI  'E. 

Apart  from  the  specialize'!  i.Tar.ches  in  the  various  fields  of  hyirauw's 
or  h.7  Iro  ly'.ami  n;  helon*fir.ep  to  both  laboratories,  the  oiv^a.. . ;*a*  i or.  i:.*luies 
a Y'lthemaT.i'rs  ar.d  Ir;str  imeiitation  Branch  and  a Documc’' La  t lor.  Ser’/;-*--. 
ihe  -^'irio  no  spooial  ir.e  i >)ran'hes  cover  the  follov;i;.<p  sib.'ects* 
hydr.-dynanii'a"  a*;l  morphology-  rivers 

lonsity  ‘urroi.ts  weirs,  slui  uis  ra.nd  ’ocks 

■' oasts  ar.d  0s tear .vir-  navi/tat  i oi, 

harbours  and  watorv/ays  pumps  and  ir.lustrial  oir’uits 

ma  r L *.  1 me  r.  t pi  * i.  u ro  s 

For  problemc  lomandinr*  additional  soientific  Ba  k<?ro.ind  beyon  i tlie  scope 
of*  The  ow.  spo'.' 1 al  ip.ation,  tlie  LAIORAVORY  mnintaii.s  olone  contacts  or  ''O- 
operates  with  various  institutes,  su-'h  as.  the  Organisation  of  Appii-.*! 
Ocior.tit’ic  Research  T.".0.,  the  Raya]  he  therlan  is  Motoorolrr . 'a  . 1 r.st  i t’l  , 
the  ohip  Mndoi  Basin  at  W.'iger.  i t.ge?  , govcrnmc?, + al  services  a:,  i ui. i vers 1 1 irn*. 
.Iite  investigaMons.  are  often  set  ip  as  part  'd'  m 're  -'omprehensive  s irvcy 
' 1 sed  by  enn  rieeru.i-'’'  conr.u  1 tar. t r. 
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DELFT  HYDRAULICS  LABORATORY 

H.  J.  Schoemaker.  director  J.  E.  Pnns.  deputy  director 


COORDINATION  BASIC  RESEARCH 

dr.  M.  deVries  dr.  G Abraham 


Accountancy  C.j.  Kuyvenhoven 

Public  Relations  L.  R.  de  Vlugt 

Library  and  Documentation  J.R.  Thierry 
Instrumentation  j.  van  der  Wei 
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ADVISORY  BRANCHES 


Density  Currents 

dr.  G.  Abraham 

Maritime  Structures 

K.  f.'Angremond 

Pumps  and  Industrial  Circulation  j.Wijdicks 

LABORATORY  DELFT 

Tidal  Model  Rijnmond 

G.  van  Riessen 

A.  Paape. head 

Sediment  Transportation 

H.  N.  C.  Breusnrs 

Technical  services 

J.  P.  M.  Commandeur 

Weirs  and  Sluices 

P.  A.  Koikman 

Mathematics  A.C.  M.vanEtte 

Branch  1 

H.  de  Groot 

Branch  II 

0.  Gersic 

SITE  INVESTIGATIONS 
SERVICE 

Survey  teams  abroad 

J.  G.  H.  R.  Diephuts.  head 

Enclosure  Works 

T.  van  dor  Meulcn 

Mathematics  C.  B.  Vreugdenhil 

Harbours  and  Coasts 

R.  Reinalda 

Technical  services 

Hydrodynamics  and  Morpho 

logy  E.  Allersma 

M.  Reinalda 

Maritime  Structures 

J.  van  der  Wcide 

LABORATORY  DE  VOORST 

Rivers  and  Navigation 

0.  Gersie 

J.  J.  Vinj6,  head  D Gorsic.  ds.puty  head 

Rotterdam,  now  acknowledged  to  be  the  largest  port  m the 
. world,  must  m the  interest  of  the  Netherlands  remain  so 

in  the  future  But  to  ensure  this,  a great  deal  has  to  be 
done 

There  must  be  ample  space,  for  example,  for  ocean  going 
- vessels  with  their  ever-Increasing  tonnage  and  greater 

draught  This  space  has  already  been  provided  for  In  Euro- 
poort.  but  the  opening  up  of  the  full  area  necessitates  a 
new  connection  w th  the  New  Waterway  and  the  construc- 
1 tion  of  harbour  dams  out  into  the  North  Sea.  For  only  when 

that  IS  done  will  it  be  possible  to  pilot  in  the  mammoth 
r * ships,  even  the  largest  to  be  constructed,  at  all  phases  of 

the  tide 

To  determine  m detail  the  size  and  form  of  the  new  harbour 
dams  and  to  decide  on  the  right  sh  ipe  of  the  definite 
entrance  into  the  Europoort  harbours,  the  Bouwbureau 
Havenmond  Hoek  van  Holland  (Construction  Bureau  of  the 
Rhine  Mouth  at  the  Hook  of  Holland)  of  the  Government 
Waterways  Department  ordered  the  building  of  a working 
model  through  which  both  salt  and  fresh  water  could  stream 
under  Ci^refui  control  In  short,  ft  should  be  possible  to  study 
in  detail  the  nature  of  the  changing  currents  in  the  New 
Waterway  and  outside  the  harbour  by  reproducing  the  North 
Sea  tides  under  varying  conditions 

This  model  research  will  then  supply  the  information  neces- 
sary for  designing  the  shape  of  the  harbour  entrance  as  well 
1 as  deciding  the  construction  phases  for  the  harbour  dams 

which  will  stretch  out  into  the  sea.  The  main  cnterium 
t throughout  the  study  will  be  ensuring  the  maximum  coditions 

I to  guarantee  safe  navigation  of  the  largest  vessels  under  all 

^ circumstances 
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Tlie  Rilnmond  tidal  model 


Scales  Horizontal  t ; 640;  Vertical  t 64 

Watercirculation:  I Sm’/sec 

Salt  consumption  per  test  5 to  10  tons 


• Delft  Laboratory 


1 64 


|0  tonr. 

I 
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Delft  Hydraulics 
Laboratory. 

Link  between 
Science  and  Practice 


• De  Voorst  Laboratory 

• Site  Investigations  Service 


In  the  course  o‘  years  the  great  expan 
Sion  in  the  growth  of  the  Delft  Hydrau 
hcs  Laboratory  has  kept  pace  wth  the 
need  for  specialised  research  m the  field 
of  hydraulics,  so  that  now  it  can  offer  a 
wide  range  of  knowledge  to  all  connec- 
ted with  national  and  international 
hydraulic  works  and  problems 
This  growth  however,  is  an  understand 
able  result  of  the  technical  and  economic 
devr'lopmeni  of  the  past  few  decades, 
much  of  tt  stemming  from  modern  ad 
vances  in  transport  facilities,  energy 
production,  the  food  position  and  the 
living  conditions  of  a country 
These  factors,  it  should  be  realised,  are 
to  a considerable  extent  linked  with  civil 
engineering  works  the  effectiveness  of 
which,  as  well  as  their  operational 
certainty  and  guarantee  of  safety,  are 
determined  by  hydraulic  considerations 
Many  of  these  factors  cannot  be 
provided,  however,  without  laboratory 
research 

Moreover,  advice  of  an  hydraulic  char 
acter  is  usually  of  direct  economic  m 
terest.  as  it  leads  to  important  savings 
in  construction  costs  or  exploitation 


expenses. 

In  1962  an  extensive  study  was  perfor 
med  by  the  Delft  Hydraulics  Laborator. 
to  determine  the  nature  and  the  si/r  of 
advisory  work  to  be  expected  m this 
field  of  hydraulics  This  study  took  .nto 
consideration  especially  the  undeniable 
tendency  to  make  increasing  use  of 
scientifically  justified  and  effective  ser 
vices  of  specialised  institutions  m the 
preparation  of  projects 
This  naturally  was  largely  associated 
with  the  large  hydraulic  works  being 
earned  out  and  planned  by  the  Nether- 
lands Ministry  of  Waterways.  as 
research  on  this  type  of  project  had 
been  developing  since  the  Laboratory 
was  established  in  1927  But  m recent 
years  this  development  revated  a sort 
of  explosive  character  in  the  form  of 
advisory  work  for  the  lower  public 
authorities,  engineering  consultants,  and 
industry  and  trade,  while  an  increasing 
proportion  of  the  activities  comprised 
the  preparation  of  projects  for  foreign 
countries. 

On  the  basis  of  the  forecast  produced 
by  the  studie  into  the  development  of 


this  type  of  research  and  to  suppifmont 
the  activities  of  the  Laboratory  De 
Voorst,  a programme  of  nev;  buiidmgs 
for  Delft  has  been  drawn  up  In  add.tion 
to  accommodation  for  the  central  scr 
vices,  the  new  complex  will  house  the 
Site  Investigation  Service  the  theoretical 
sections  of  hydrodynamics  computer 
programming  and  data  processing  and 
the  Instrumentation  Department  as  well 
as  giving  space  for  model  investigations 
to  be  carried  out  by  the  Branches 
covering  Density  Currents  Maritime 
structures.  Pumps  and  Industr  al  Cir 
cults  and  Wems  and  Locks 
The  new  building  will  be  located  on  the 
outskirts  of  the  Technical  University 
complex  m the  Zuidpolder  at  Delft  m 
the  area  which  already  accommodates 
the  Rijnmond  tidal  model  and  m which 
work  has  started  on  the  building  of  the 
new  wind  wave  tunnels 
These  new  facilities  which  are  bemg 
added  at  the  moment  will,  m the  future 
ensure  the  task  which  the  Delft  Hydrau 
lies  Laboratory  fulfils  as  intermediary  m 
the  afore-metioned  technical  and  eco- 
nomic development 


1.  ma>n  office  building 

2.  laboratory  tor  pumps  and  industrial  circuits 

3.  halls  for  model  investigations 

4.  models  with  salt  ar>d  fresh  water 

5.  workshops  and  instrumentation  laboratory 

6.  wir>d  tunnels  building 

7.  Rijnmond  tidal  model 

9.  8hip-manouvrir>g  basin  of  the  Technical  University 
A reaervetion  for  temporery  sheds 


The  Delft  Hydraulics  Laboratory  is  building  a new  complex 
in  the  Zuidpolder  near  Delft. 

This  will  ensure  that  the  Netherlands 
will  continue  in  the  future 
to  maintain  its  leading  position 
in  the  field  of  hydraulics. 


Wincf  tunnels  k>uilcfing 


During  the  past  few  years  a considerably  deeper  insight  has 
been  obtained  into  the  generation  of  wind  waves.  Especially 
has  the  development  of  the  instrumentation  and  control 
techniques  made  available  better  means  for  observation 
and  characterization  of  waves  under  natural  conditions  and 
for  reproducing  them  in  a wmd-wave  tunnel 
This  new  development  has  provided  the  basis  for  two  new 
wind-wave  tunnels  which  will  in  the  future  serve  as  additional 
aids  for  the  increasing  intensity  of  the  model  studies  for 
maritime  constructions 

In  modern  research  connected  with  the  designing  of  water- 
control  works,  breakwaters  and  drilling  platforms,  the  models 
arc  exposed  to  such  a variety  of  simulated  natural  conditions 
that  the  designer  can  give  his  proposed  construction  the 
optimum  dimensions.  At  the  same  time,  all  risks  can  be  care- 
fully evaluated  as  to  their  importance  for  maintenance,  choice 
of  material  and  the  safety  of  those  building  or  operating  the 
structures 

The  extensive  knowledge  and  experience  the  Delft  Hydraulics 
Laboratory  has  gamed  m this  held  date  back  to  1938,  when 
it  first  started  the  study  of  models  in  a tunnel  with  waves 
generated  by  wind  In  1956  a second  and  larger  wind-wave 
tunnel  was  taken  into  use  in  the  De  Voorst  Laboratory  Until 
lately,  indeed,  both  tunnels  were  unique  in  the  world  of 
hydraulics 

The  two  new  wind  tunnels  along  with  a few  flumes  for  tests 
with  regular  waves  are  now  being  housed  in  a new  complex. 
In  designing  those  facilities,  special  attention  was  paid  to 
the  size  and  technical  provisions  of  the  installation  which 
are  greatly  determined  by  the  character  of  the  wave  motion 
m nature  This  complex  phenomenon  can  only  be  described 


satisfactorily  with  the  aid  of  statistical  quantities,  so  the 
reproduction  of  the  wave  motion  is  tuned  to  this  by  means 
of  wave  generators  whose  movements  are  determined  by 
a programme  containing  the  necessary  statistical  charactens 
ties.  The  adaptation  of  the  details  of  the  shape  of  the  waves 
IS  obtained  by  an  air  stream  running  over  the  full  100-metre 
length  of  the  tunnel. 

Special  provisions  have  also  been  made  for  study  of  such 
problems  as  the  relevant  effects  of  the  wave  movements  in 
combination  with  currents  from  different  directions 


Main  Features  of  the  Wind-wave  Tunnel*; 


Large  Tunnel  Small  Tunnel 


Length  100  metres  100  metres 

Width  at  water-line  8 metres  2 metres 

Width  in  wind  orofile  9 5 metres  2 metres 

Height  2 45  metres  2 45  metres 

Maximum  water  depth  0 8 metres  0 8 metres 

Ventilators  4x60  kW  1 x 60kW 

Wind  speed  0*15  m/sec  0-15  m/sec 

Water  circulation  of  pumps  4x02m'Vsec  4 x 0 2 m'Vsec 

Architect  Bureau  op  ten  Noort-Blijdenstem 
Installation  Advisor  Bureau  P W Deems 
Mam  contractor  Internationale  Bouw  Compagnie 
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INTRODUCTION 


to  such  an  extent  in  recent  years  that 
the  eqU'pnient  used  uplo  now  >0  these 
model  studies  can  no  longer  be 
cons  dered  as  adequate 


The  optimal  design  ot  mant  me 
structures  ts  possible  if  reliable  data 
are  available  with  regard  to  thoir 
behaviour  under  the  influence  of 
currents,  wind  and  waves 
These  data  have  to  be  obtained  from 
model  studies  in  a wind-wave  ffume. 

The  insight  into  the  generation  of  Wind- 
waves,  and  the  Vnowlegde  about  wave 
attack  on  structures,  has  deepened 


1 Building  of  the  wind-wave  flumes 
at  Oelft 


Conseouentty  .it  Delft  the  need  was  *elt 
for  (he  construction  of  a new  w.nd-wa>,e 
f'urros  build  ng  to  generate  w.nd  waves 
and  to  reproduce  waves  *n  combrnat  on 
W'th  currents  SO  that  mode'  studies 


2 Inside  of  the  large  flume  as  seen 
from  the  wave-basin 


3 Small  Mume  with  wanes  in  front 


MAIN  DESIGN  FEATURES 


1 Hall  ♦'’r  construction  ol  moriels 
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THE  INSTALLATIONS 


AccofOing  to  theif  specific  'unctions, 
the  installations  used  are  distinguished 
as  follows 

a The  wind-generating  installation 
In  the  return  channel  under  the  large 
flume  4 axial  ventilators  have  been 
• nstalled  each  with  an  impeller  of 
t 00  m diameter  able  to  supply  60  m* 
air  per  second  at  a static  head  of 
50  mm  water  column  to  atiam  a wind 
velocity  of  t5  m^'s  or  54  km/h.  Placed 
outside  the  axis  are  direct  current 
electric  motors  of  45  kW  capacity  with 
bell  transmission  reduced  from  1 to  1 7 
The  number  of  evolutions  per  mmute 
IS  continuously  variable  between 
0 and  1 500.  the  tolerance  amounts 
to  t 2°'o  The  adjustment  is  made 
by  means  of  transducers 
A Similar  ventilator  driven  and 
controlled  m the  same  way  is  placed 
in  the  return  channel  under  the 
small  flume 

Particular  attention  has  been  paid  to 
the  distribution  of  the  air  flow  over  the 
water  surface  (the  air  profile  is  greater 
than  the  water  profile),  as  well  as  to 
the  design  of  the  stilling  chamber, 
deflection  vanes,  diffusers,  etc. 

The  installation  can  be  operated  and 


controlled  from  the  panels  m both 
control  rooms. 

b The  wave-generating  installation 
At  the  end  of  the  flumes  are 
programmable,  servo-controlled,  wave- 
generating  machines  which  can  be 
operated  hydraulically. 

By  means  of  this  installation,  and  by 
using  punched  or  magnetic  tape,  natural 
wave  records  or  a filtered  random 
noise.  It  IS  possible  to  generate  and 
maintain  any  desired  irregular  wave 
pattern  with  arbitrarily  chosen  energy 
spectrum 

The  dimensions  of  the  wave  flaps  are 
0 X t m*  and  2 x 1 m^  respectively 
and  they  are  suspended  m a mobile 
carriage-structure.  Each  one  is  movable 
by  means  of  2 hydraulically-activated 
cylinders  one  of  which  is  attached  to  the 
carnage  and  the  other  mside  the 
carnage  at  .he  top  edge  of  each  flap 
The  carnage  travels  on  the  sides  of 
the  large  flurne  and  on  rails  along  the 
walls  of  the  small  flume 
The  pov-er  requirements  of  the  oil 
pumos  for  the  hydraulic  movement 
amo  int  to  60  kW  and  23  kW  respectively 
Operation  control  s gnallmg  and 
automatic  recording  ta«e  p'ace  m both 
control  rooms 


c The  water  circulation 
In  the  large  flume  and  m the  wave 
basin  a water  flow  can  be  maintained 
between  any  pair  of  two  arbitrarily 
chosen  channels  from  the  total  number 
of  5 in-  and  outflow  channels  The 
maximum  possible  discharge  amounts 
to  1 m*/s  corresponding  to  a maximum 
velocity  of  0 25  m/s  Over  the  full  width 
of  8 m at  a water  depth  of  0 50  m 
In  the  small  flume  a velocity  of 
0 30  m's  with  a water  depth  of  0 50  m 
can  be  maintained  m a similar  way 
between  2 channels  In  the  pumpmg 
room  5 water-lubncated  centrifugal 
pumps  have  been  installed  for  this 
purpose  which  have  an  output  of 
0.2  mVs  at  a lift  of  0 m,  two  of  these 
pumps  can  pump  water  .nto  the 
small  flume 

The  in-  and  outflow  channels  have 
been  so  dimensioned  that  a uniform 
distribution  of  flow  m the  flumes  is 
ensured 


7 Wave-generation  instuilation. 

In  front  the  flap  with  hydraulic 
actuator  at  the  top  edge  of  the 
carriage:  at  the  back  the  hydraulic 
actuator  for  moving  the  carriage. 
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Pumping-room 


General  service  crane  providing 
transport  facilities  between  the 
construction  hall  and  the  model 
section 


SOME  FURTHER  DATA 


I"  ' • 'joces  -r)  the  d^mens  an.ng 
Ot  !*  t ames  had  to  meet  thr  following 
rigorous  requ  rements 

Moors  'Or  15  mrr  re-atve 
to  a horizontal  piane  and 
fetalis  • O’-  2 5 mm  reiat  ve 

to  a vert  ca)  plane  so  as  to  prevent 
d.;;_.t>on  ol  ihe  wave  palter’'  as 
j ns-.it  ot  rr.*gular  - es  • tjed-ifivel 
.fd  .\a  : 

o '.ng  ahove  the  »\avc  has  n s 
provided  A th  heoimg  elements  to 
pr-,eri  condensation  and  me 
accompjny.nq  d'-.pp.ng  ot  water  info 
me  m.*j5ur,ng  sr-ri^ons 

\ mportant  n connect  on  .v  tn  ^ 
p'  ■-■•..-lent  high  degree  ol  hum  d:ty 


!he  ,oat  was  developed  by 
the  Oelft  Hydraulics  Laboratory  n 
co-ope'at  un  With  the  'Assoctatie  v-nn 
Ingenieurs  en  Architekten  Buro 
op  ten  Noori-Blijdenslein'  (ConsaUmg 
Enqneers;  Utre^tii  Tne  Nettieriands 
ns  siaH  was  responsible  tor  ttie  de-  qn 
and  enq  neering  of  iMe  piar.  and  ♦o’ 

1t»e  supervision  and  Overal  co-ord  ' alion 
ol  the  corisiruct-op 


I*  hu  •d-'-g  covers  a area  ot 
3 000  m'  and  haj  a totai  volume  of 
'"lO  m* 


M'-  ost  (excluding  pur'.h,-:.i-  of  tandi 
6 200  000  of  wnifh 
fi*  200.000  were  for  techmca' 
itaiijt  o'ls  correspond  no  to 
joprox  matc:.  -it  2 000  Built-uo 
area  Df  23C  m*  bu  id  ng  voTime 
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Wl.'rtIFLUME  BUILDING 

1.  WINDFLUME.  Purpose  of  this  windflume  is  to  have  a special  facility  in 
which  to  study  models  of  any  hydraulic  structure  opposed  to  wind  and 
wind-waves.  The  main  effective  dimensions  are:  length  100  m,  width  4 m, 
height  2 m,  maximum  water-depth  0.8  m,  maximum  wind-velocity  25  m/s 
(50  knots),  power  of  the  blower  285  kW  and  maximum  water -circulation 
(opposite  to  wind-direction  only)  3 m^/s.  Preparations  are  well  underway 
to  install  a programmed  wave-actuator,  to  meet  the  latest  requirements 
of  offshore  engineering. 

The  test  running  now  is  to  determine  forces  exerted  on  cylindrical 
piles  opposed  to  breaking  waves.  The  scale  is  1:40;  waves  with  a signi- 
ficant wave-height  of  6.65  m are  being  reproduced. 

2.  HIGH-DISCHARGE  FLUME.  Models  to  be  subjected  to  high  velocities  are 
built  in  the  test-section  of  this  flume.  Maxira’um  discharge  amounts 
to  some  10  m^/s.  Effective  dimensions  are:  length  100  m,  width  3 m 
and  maximum  depth  2.80  m. 

At  this  moment  tests  are  carried  out  to  determine  the  erodibility 
of  marine  gravel  dumped  to  form  a sli^tly-sloping  bed.  This  gravel  is 
applied  in  the  Euiopoort-project  where  deep  parts  of  the  sea-bed  are 
locally  heightened  by  dumping  large  quantities  of  it.  This  is  a full- 
scale  model;  the  prototype  gravel  with  a mean  size  of  1.6  cm  is  also 
applied  in  these  tests. 

3.  SMALL-DISCHARGE  FLUME.  This  smaller  glass-wailed  flume  is  used  to  study 
various  hydraulic  structures  not  requiring  high  discharges  nor  high 
velocities.  The  closed-circuit  system  involves  the  use  of  clean  water, 
an  advantage  compared  with  the  high-discharge  flume  in  which  ordinary 
surface  water  is  used. 

The  model  bui  It  in,  IS  a section  of  a sluice-caisson  placed  on  a 
temporary  "sill"  protected  with  stones.  The  scale  is  1:30.  Sluice- 
caissons  of  this  type  will  be  applied  to  close  the  Northern  gap  in  the 
Brouwershavense  Oat.  Tidal  currents  will  be  allowed  to  pass  through  the 
caissons  and  would  erode  the  sill  and  sea-bed  if  not  protected.  Tests 
have  to  give  directives  for  the  dimensions  of  the  bed  protections. 


FLUME  FOR  SBDIMENT  STUDIES.  This  small  flume  is  generally  used  for 
fundamental  studies  on  bed-load  transportation.  Main  dimensions  are: 
length  30  ni,  width  O.5O  m,  maximum  depth  0,70  m,  maximum  discharge 
0.12  m^/s. 

A fundamental  study  is  now  going  on  to  deteimine  the  effect  of  a 
local  constriction  of  the  flume  (0.35  rn)  on  the  behaviour  of  the  oed- 
level , under  non-steady  conditions  of  flow.  Bed-material  used  is  ground 
baJcelite,  mean  grainsize  1.7  mm.  The  non-steady  state  xs  a schematized 
one;  conditions  are  altered  daily. 


TIDAL-MODEL  HALLS 


TIDAL  MODEL  OF  "PRO'JWERSHAVEKSE  GAT"  (M  886).  Purpose  of  this  model, 
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built  in  a hall  of  43  x 1 10  m , is  to  study  the  sequence  of  closing 
the  two  final  gaps  in  the  dam  across  the  Brouwershavense  Gat  and  to 
determine  the  flow  pattern  and  maXi.raum  current  velocities  during 
several  stages  of  the  closure.  The  horizontal-scale  is  1:300  and  ■'.he 
depth-scale  1:100. 

The  electronic  center  containing  both  the  program  and  recording  units 
is  situated  in  tne  hall  which  covers  the  tidal  model  of  the  "Ocster- 
schelde"  (M  822),  the  last  closure  in  the  Dutch  Delta  plan. 

At  present  this  model  lays  idle  since  both  tidal  models  use  the 
same  program  and  recording  'sni  t as  well  as  the  same  water  supply 
system. 

At  this  moment,  the  following  stage  in  the  model  has  ooen 
attained:  the  Southern  gap  is  closed  (method  of  gradual  closure; 
concrete  cubes  have  been  dumped  to  fill  the  whole  gap)  and  in  the 
Northern  gap  all  sluice  caissons  have  been  placed  (method  of  caisson 
closure)  but  their  gates  are  still  opened,  allowing  tidal  currents 
to  pass  through.  The  model  is  operated  automatically;  the  tide 
program  contains  a number  successive  tidal  curves  including  a 
severe  storm  sui-ge. 


OFFSHORE  TEST  BASIN 


The  basin  is  specially  designed  to  study  offshore  problems.  Its  main 
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effective  dimensions  are  2^  x 2^  m , maxi  im  water-deplh:  1 m.  It  is 
provided  with  7 flap-type  wave  generators  which  can  be  made  to  act 
separately.  Currents  can  be  introduced  into  three  directions:  either 
perpendicular  to  the  w?ve  direction,  or  in  the  wave  direction  (either 
along  with  or  against  the  wave).  With  maiximum  waterlevel,  tidal  currents 
with  a velocity  of  0,5  m/s  can  be  realized. 

Tests  now  being  carried  out  concern  a dam  built  up  of  concrete 
cubes  (as  part  of  the  Delta-works),  of  which  the  stability  is  determined 
under  the  combined  action  of  waves  and  appreciable  difference  of  water- 
level  at  both  sides  of  the  dam, 

NAVIGATION  IN  CANALS 

M 782.  A straight  stretch  of  canal,  housed  in  a hall  of  200  m length, 
applied  to  study  all  hydraulic  problems  encountered  by  one  or  more 
ships  sailing  through  the  canal.  Already  studied  in  this  model:  beha- 
viour of  several  types  of  ships  when  sailing  at  a certain  distance  from 
the  canal-banks  (inland  cargo  vessels,  ordinary  tows,  and  push-tows), 
manoeuvres  with  a combination  of  one  or  more  types  (meeting  and  passing) , 
and  several  studies  concerning  ship  waves,  translatory  waves,  and  stabi- 
lity of  the  canal-banks.  The  scale  is  1:25. 
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OPEN  AIR  M0DEL3 


1,  COASTAL  INLET  "CANAL  DE  VRIDI"  AT  ABIDJAN,  IVORY  COAST  (M  ')^A) . This 
model  IS  to  study  means  of  providing  sufficient  depth  in  the  entrance 

on  behalf  of  shipping  visiting  Abidjan-harbour.  Due  to  littoi'al  transport 
caused  by  waves  only,  large  quantities  of  sand  are  defiosited  in  front  of 

the  iibour-mouth.  Deepening  the  entrance  will  decrease  the  tidal  currents  i 

and  luerefore  the  depth,  an  unfavourable  condition  for  shipping.  In  the  | 

model,  tidal  currents  (steady  ebb-  or  steady  flood-current),  waves,  and  | 

littor- ' ■ ransrort  are  reproduced.  The  scales  are:  horizontal  1:1^0,  ' 

i 

depth  : • jO.  ! 

I 
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2.  RIVER  RHINE  AT  THE  BIFURCATION  NEAR  PANKERDEN  (M  932).  As  a bend  correction 
in  the  river  Waal  (one  of  the  downstream  branches)  will  affect  hydraulic 

and  rno'phological  conditions  at  the  bifurcation,  a mcdel  of  this  bifurcation 
will  be  built  to  study  and  solve  the  problems  encountered.  Only  the  part 
upstream  of  the  bifurcation  has  been  built  first,  in  order  to  calibrate 
this  separately,  thus  collecting  valuable  routine  and  enabling  an  economical 
design  for  the  two  branches  to  be  built  this  summer.  The  model  is  supplied 
with  specially-graded  sand  (that  is,  any  desired  particle-size  distribution 
can  be  arranged)  prepared  and  selected  in  the  nearby  sieve-centre.  The 
scales  are:  horizontal  1:100,  depth  1:40. 


E' 


LAYOUT  OF  THE  DE  VOORST"  LABORATORY 
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HYOKAILICS 

ri-:si-:ar(;h  station 

WALLINGFORD 


THE  SCOPE  OF  THE  WORK 


I ut  . iiaum  (.ftlu-  nvilraulus  KcM-arch  SutuMi  lo  stuii\  iIk  hrluvimir  oi  riowini:  m 
'.»pni  vlunncr  anulitions  .uu),  in  particular,  the  hviiraulu'  problems eiicoiimiTi\l  in  civil  ciiiimccr- 
inc;  U lovers  tlie  natural  course  of  water  alter  prei  ipitation  on  the  earth  sstirlaie.  through  drainai:c 
into  siriMtus  and  down  rivers  to  the  sea.  h nu hides  the  investigation  ol  pr<»bleim  ass,K.iated  ssith 
hydroelectric  schemes  and  rfovv  eontn'l  mictures  such  as  weirs  and  spillwass.  the  training  and 
control  .tlTivers  and  estuaries,  the  deselopmeiil  of  pisrts  ard  harbours  and  the  prevention  ol  coast 
erosusn.  It  cU'Cs  not  cmer  pumps,  turbines.  How  in  pipes  under  pressure  or  oil-hvdraulu  s.  all  ol 
which  arc  the  concern  ol  mechanical  eni.Mnecrs  and  are  studied  by  a sister  orcani/atioii.  the 
N.,uon.il  hipmeeriii^  I aboratory  at  Him' Kilbride,  (dasetow.  t^tlier  orcani/aumis  workmi:  m 
nei^hbourniu'  lieids  are  listed  on  p.  - i. 

Despite  recent  advances  in  Hind  mechanics,  it  is  seldom  possible  to  nuke  lull  theoietual  aiialsses 
of  riow  conditions  Ml  civil  eii^nHcrinj;  ludraiihc  pn'iects.  and  so  scale  models  are  loimiionK 
used  io«>bum  basic  information  for  thedesipn  of  proposed  works  Most  ol  the  Stainni  s nisc-stiji.i- 
tn>ns  are  nude  into  spccihc  engineering  problems,  related  both  t>>  the  Lmied  Kmedoni  and 
overseas,  .uid  mativ  (thmijtlinot  all)  are  earned  out  with  the  aid  ol  models.  1 hesespeutic  mveMij;.i- 
tions  are  undertaken  on  repayment  nuinly  for  consulting  engineers,  engineering  contractors, 
industrial  emu  erns.  port  and  harbour  trusts  and  otlier  public  bodies  iiu  hiding  (rovernment 
department'  ^ proportion  ot  rlie  StatuurseHort  is  also  desoted  ti>  the  studs  oi  h\  tlraulu  pn'i  esse' 
emournered  m Us  dails  work  1 hese  teiat.  to  all  aspect'  ■ >f  opeii-c  hatmel  thne  and  i-ulude.  fm 
esample.  uii'teads  How  in  (lunneis  and  lulsert'.  the  transport  i>f  sediment  m risers  and  the 
muorinu  of  ships  under  adserse  wave  condition' 


k1'Si:ar(;h  i aqu i ii;s 


The  m.Tin  experimental  hall 


Wave  basins 


Flumes,  channels  and  tanks 

I'hfH*  .»rc  .m  iiuljs{»i“ii\4hlc  laaliiv  tor  ilu*  rosi'arih  vvorkcr  m hwlraulics  .»ikI  arc  priniJcJ  ni 
i]ii.intitv  .It  the  Statitin  I lie  Huimcn.  two  ol  w Im  h can  be  raiii'c  m Ictii»lli  tfimi  i.:  ft  '3  0 in: 

to  |00  tt  1 144  in),  aiul  111  vuJth  trt'iu  4 ti  (o*^i  ni)  to  14  ft  {yfi  m),  I tiur  chaimcK  arc  provulcJ 
with  w .ivc-in.iknu;  inailnncrN.  one  K'lnu  totally  ciuloscd  anil  fittcil  with  an  cvtraitor  fan  so  that 
wiiul  1 an  be  >nnulateii  ainf  strut turcN  tan  be  testcii  in  the  fate  »)f  ranilt>in  w iiKl-i;enerateti  w aves. 
.\  current-meter  rating  tank  is  available  for  tlie  calibration  of  current  ineters. 


,».  *■»/(, /('iv,'  .It  ihi  Si,iii.'’i  ‘ a MiMi/sf  .7 
f t It  'I-'  "1  in./.  <i'i./  4>'>'  fi  ('•■•  /''M,;.  I- 

i.'iti/  th,iH>u  I.  4i'>'  It  { I m,  A'HiJ  14  //  ( I 

Otlur  /ao/mi%  III  f/iM  f'litWi'iv,  ii  't.Wl  (I 


OlITLINF  OF  THF  WORK 


Collection  and  appraisal  of  data 


The  eollctlu'H  and  appraisal  of  held  data  is  an  essential  pre-resjUiMte  tor  any  model  stiuly. 
t^ri'aiuzalums  t«sr  whom  invesUi;auons  are  Larru\l  out  tan  usnallv  supply  imuh  ot  ilie  data 
themselves;  the  Station  docs,  however,  maintain  a surve\  team  that  toilet ts  .ulditional.  spetiali/ed 
information  when  this  is  retiuired. 


Structures 


I lyjraulit  struttures  nccessarv  to  ilirett  and  tontrol  the  How  oi  water  var\  in  desiijn  attorilinc 
to  the  nature  of  the  proieti  tor  whith  ihe\  are  required  As  it  is  usualK  imprat  titahle  to  taltulate 
cither  the  How  tharatteristus  or  the  forces  imposed  on  the  striutiire  m anv  detail,  it  is  standard 
practice  to  studv  desii»iis  hv  making  measurements  on  scale  models;  tr<’in  these  tests  preduiions 
of  tonsiderable  acturaev  tan  he  made.  Striutiires  siah  as  spilKvavs.  stillinj»  h.iMio.  weirs  ami 
sluices  arc  treqiientK  tested  at  the  Station. 


Problem  of  flooding 


In  the  lower  reaches  ot  rivers,  where  gradients  are  normalK  shuht.  the  likelilnsod  of  Hoodiiij’  is 
greater  than  in  the  upper  reaches  I he  various  w ays  hy  w Inch  ri<n>din^  can  he  reiluced  hv  deepen- 
ing. widening  or  straightening  i hanncis.  hv  impri»ving  weirs  and  bridge's  and  constructing  Hoisd 
embankments  and  tlood-feliet  channels  provide  the  Station  with  further  model  investigations 
In  such  models  both  tlic  river  ehannel  and  the  Hood  plains  horvleting  it  ire  reprovhued 


Allied  to  the  work  on  improving  river  channels  is  the  study  i>f  how  Hood  levels  are  uHected  by 
embankments  carrying  roads  across  Hood  plains.  Openings  are  provided  in  these  embankments  to 
allow  Hood  water  to  pass  so  that  the  embankment  docs  not  cause  additional  Hooding.  But  these 
Hood  arches  are  expensive  to  provide,  particularly  lor  wide  modern  motor  roads,  it  is  theretore 
nccessarv  to  nunimize  their  number  and  place  them  where  they  will  be  most  eHective. 


LiHal  Siour  jt  hydraulic  ^tniiiures  lOu  he  j('>iiriir<7y  repraduicJ  eii  scale  woJeh  lutMv,’ 
material.  Tests  om  this  model,  of  Broken  Scar  Hor,  Rurr  'Ivts,  euahled  appropriau  niiajiitey  to  he 
taken  to  <7i»«tM4ire  .'iVur. 
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Sediment  transport 

In  rr.  - r siitilu  ',  .»iui  .iIm’  in  \\  ork  >>n  i stu.itic'  .nui  ■".'.i  < <u>tN.  tli<  « i”[di  -^iv  h i vji.i . t.'  ti< 
-it  ■ >1  %e<lniii  lit  h\  Hi'Wiiii;  uatiT  Hit' i' tli.- ‘ t . inpli-\  p.n  t ■ tl>-  ';..ti  •'  o 1 

iiui.  ii  ft  tiu*  I'.ii  ki'r.uiinl  i«  '<Muli  In  ilevMto.l  t“  It  h;vt  Ntic.iti-niN  ••  • t.ir  . .nidu.  u-vi  li.ivi  li-5 
1 -t  tlu  nu.iiiN  .d  .tp}-r.  Ml  liitii:  pi  rh  i t Msmiaiits  *>t  m liiiiu  nt  ti  ni'p-ft  m (In  i.n-  -r ji"f  • 

, ifth  f vti’.uh  tl'»\s  or  l’\  .\.i\»--m>‘ti<iii.  .1  '(ii'K  "I  tVu  t' tiii.iti  m:  .*t  tii-p)  n d 'lu'  * - 

'111*  inHiieiui-  i*l  nIuiiih-I  u kllli ; .ilnl  .i  stu.K  •'(  tlu  > .luJ  'li.ipi ' <>t  > lu;:r;-iv 

m jliuvuiin 

I hf  u><”  «>r  t.iJiiMitivf  .iii.i  rliMfi-'-  ' !!t  tr.u  * - m 't.iiluN  "t  M dn’uui  tr.n  s|  it  .li  'i-l’  . 't-tt.'! , 

: iuiilifl'  h.i'  1‘li.il'lrii  to  hnii|ij;  t-’  Ik-  .lew-1*  i}k  J f.’f  U'l-  of  tlu-'e  tia.et  • u;  t ..  u>  ul  t M’  .ti%  t 
jTi  ill.  tioii'  I -III  III  '\e  SI <1111  turn  i'l  iiM.le  > >1  tin-  f.tii  s in  pr>“k*  t.  *i  dn-  i|  ■ nri'  iiuTi-is 

tr-'m  I ticUl  luvvsusi itk'-..  ,.l  tin  .li'peiston  "1  nijntid  U.usis 
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Estuaries 

Manv  ot  lilt*  Station’s  major  invcsnijaiKuis  relate  to  estuaries  in  whali  siioalinji.  the  movement 
of  seiimu'iit  ami  the  mstahihtv  t't  losv-vvater  ehanneK  have  prcsenteil  serious  prohieni'  of  naviga- 
tion or  dreil^uii’.  Such  investigations  are  normally  made  \sitli  the  aid  of  large-stale  models 
equipped  with  servo-controlled  mechanisms  t«'r  reproducing  tides  thr»uigh  lull  neap  t»»  spring 
cycles.  In  some  models  salinitv-densitv  currents  and  oH-shore  tidal  currents  are  also  reproduced 
The  Station’s  Survev  Sectuni  often  gives  help  with  estuarv  investigations;  wi'rking  tr«'tn  specially 
equipped  boats,  a team  can  collect  information  on  currents,  silt  movements  and  salinities,  and  can 
carrv  out  experiments  using  radioactive  tracers.  Some  c'f  these  problems  are  so  complex  that  it  is 
not  aiwavs  possible  to  arrive  atquantitative  conclusions.  Hut  valuable  i|ualitaiive  and  comparative 
tesults  mav  be  obtained,  particularly  by  wesrkers  with  extensive  experience  m this  field. 


II.  pri'l'hin  fri\jucfillY  mir.u/Vdfo/  a/  ifw  Stiilh'n  if  itiai  •’/  uvltu^-irM'r 

/s  t»\'  n ciriulali  d.  hi  ifii^  <-<n»«»ry  im'ikl  {of  Dul'tiu  //jf/’.'ur'i.  foi  >ii,h  an  mrt  /<  oij'i  taliiii ' 

uti-H  a/  tiTiTij/  ihHi  U fii  Jopth'  iiiiii  lU  tiuh  of  40  'it,  > urn  .lutoinafiui!!} 
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Wave  disturbance  problems  and  the  sea  coast 


On  the  coast,  the  Station  is  contronted  with  two  mam  types  of  investigation,  those  dealing  s«del\  with  wave  in>>tion  and 
the  forces  imposed  by  wavers,  and  th<ne  concerned  with  trarsport  ot*  sand  and  shingle  In  the  first  group  are  studies  of  the 
performance  ot  sea  walls  and  breakwaters  under  wave  action,  the  design  of  harbours  (to  determine  their  ctieiMveness  in 
protecting  shipping  fn'in  wave  actum)  and.  m certain  circumstances,  the  behaviour  of  moored  ships  under  wave  .utum. 
In  the  second  group  are  studies  of  coastal  crosum.  the  formarion  of  sand-bars  and  the  shoaling  *if  dredged  channels  Much 
.'f  the  w*>rk  in  both  groups  is  earned  out  on  a repayment  bas’s,  but  that  concenimg  sea  defence  problems  consists  mainh,  of 
Ntudics  undertaken  (under  the  guidance  of  an  interdepartmcntil  committee)  as  part  of  the  Statunfs  own  research  programme 
Research  has  been  conducted  into  the  dc'sign  of  groynes,  the  problem  of  erosion  downdnft  of  the  last  grovne  and  into  means 
of  measuring  the  littoral  drift  id  sand  and  shingle  A know.edgc  t'f  the  qiianniv  of  littoral  drift  is  mvc'sars'  for  j correct 
assessment  of  the  value  of  groynes  and  the  Station  has  developed  riuorc‘scent  tracers  for  this  purpose. 
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SKRVICF.  SFCTIONS 


vjiiiam'N  fnj«>\cd  b\  ilic  Sun>'ti  is  ilui  it  is  fn>* 
1 111-  Hi-iirual  aiui  W’thaiiual  I rieinccrmf:  Viti'»n.  b 
jujucs  in  ilu'  I'f  imtrumrnts.  juiotiutu  loiitr* 

sl-tTi-  applkabli-  aiul  ih-hIcN  afi-  provuli'J  ssitli  a wuli 
u ilcutON  lur  the  loiitrnl  i>t  rii>w  aiui  the  rcproiiiuiim 


A Loiiiputor  unit  n a\  ailable  t<>  ta*  k!c  i!u»w  prt*l)li’nis  that  .ire  aim  lublc  l*  < mathi'tiuitK  a!  atiaKst' 
aiul  t“  provuli  a ^ftietal  ininpulitij:  servuc  l«*f  tlie  stall* »n 
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Investigations  of  specific  problems. 

Advice  and  information 

•\  ili.ir^’c  i'  iH*rin.ill\  m.uit-  tot  spaitu  proMcn^.  tlu'  ilur^e  In-imi  lUpoiidcni  on 

tiu  .nuount  o{  st.id  tmu'  .viul  other  costs  mvolvcd  .\<lvus*  i**  however  itiveu  tree  ot  slurcc  where 
tins  ts  prai  tu.il'ie  1 In  M-iUim  is  .tlw.i\s  williiiit  to  pr.wiile  au  estinute  «>f  the  cost  ot  invesli^.ttme 
a specific  prohletii  and  to  supply  details  ,.f'the  contr.icUul  conditions  under  sviiich  the  work 
w.'iild  nt'iiiiaiU  I'e  cairied  out 

1 !i.  Station  1 ihtars . whu  h . .’in  iim  an  eMeii'ive  odlo  non  of  livdraiihc  literature,  is  .iv.iilahle 
for  ..'i  l'%  tl.-  intv-ri  -ted 


Organization 

1 1,^  II.  '•  ' |i.  ..  .,.1.  Nn.tiou  Is  one  "f  .»  luitnber  ot  Ise'cMtih  Stations  o{  tlie  Ntini'trs  of 

I . . i \ , the*;  l.il'.-iatoric . V'  ver  a w ide  r.ni  je  .-t  sid'ivc  ts  in  science  and  enpineennu. 

ii  st.kUou  is  I'.c.i.Ud  I",  tile  IHrectoc  ol  llcdi.uiliss  Rese.crch  who  is  lespoiisihle  both  t.T  its 
. untilu  Work  and  admmistr  ition,  I here  is  a Steerinu  t ommutec.  o|'  whuh  the  Dired-’r  is  a 
im  inlni.  and  a luimber  of  speciali't  .idvisorx  coniiniuee'.  i lie  total  start  of  the  Station  minibers 
about  -t  . ot  which  those  enu-h'.ed  diredlv  .u;  research  are  mostly  civil  enciiicvr'  others  are 
cju-dif  led  in  pliv  'll 1'  iaiheni.it  i« mei  ii.it  lu  a I engineer  in  ii.  elec  it  ic  .il  c iipineerniii  and  m o^t  aphv . 
I fu  atiim.d  biidui  t is  .ibout  / ■ ' 


Co-operation  with  other  organizations 

i !u‘  St.u(i  <11  w ork'  in  c lose-  t *<->  <pc  rati<  *n  w nh  < >•  'Vi  iniiu  nt  dep.irtnu  nts  ilut  li.iv » inti  u '!>  in 
tli.  v.itiie  lield  \i:;o>.o  fhise  are  tlie  \tmistr\  . t I .nd  and  \ itut  <1  Uesontces.  the  .Muiistiv  -’t 
Auric  ulture.  I islu  tU  ' and  I ond  . tlu  Mniistrv  ot  l H c ise.i'  1 K'Vi  l*»pnii  nt , th.-  \ of  IP  . j 

and  I >H  al  t lovcrnnienl . the  Natnr.il  I nvir«'iiinent  Resc.iri  h t oniu  il ; tlu  Mr.Mrv  ot  It  iiisp.>n 
,uid  the  Mmisus  ot  I K iev.. . h .lUo  iel.au'Us  with  tese.iu K orc.mi.Miion'  wotki  in 

allucl  fields,  and  wttli  them  avoids  wasteful  diiplu  .ilton  of  elforl  I lu'e  orp.mi/aiions  in.  inde  tlie 
I hiid  Ntechanus  1 Kvision  ot  the  National  I ni’ineetniii  I al'ot  iiorv  mi  p .’.tlu  Itniidi  H\ dro- 

ineihinu'-  Ueseanh  Asc.>ci.ition  wh<we  work  lies  lsetwe«n  tli.it  ■’!  tlu  siatt.  n ..nd  that  a the 
N.iti.mal  1 nuimrnnii  laboratorv,.  the  \A’.ner  I’oliution  Keseir.h  libot,.torv,  the  Nature 
( 'onserv.im  V (whuh  k«  eps  lengths  .<(  co.istline  inulei  c«bsefvation  ..n  1 'tudus  beach  p'oti.n.ai 
from  the  botanical  p«*im  of  view  . and  the  .N.ituuul  Institute  of  < Kiaiiourapliv  ; which  i'  mi- 1.  - red 
in  the  seas  rather  than  the  c-sist' 


F21 


1 


I 


i 

1 


Public  transport  to  the 
Hydraulics  Research  Station 


Rdil 

111.-  niMrot  r.iilw,.-,  Mjti'n  i.  .it  l'!l..Ki:v.  wlmli  is  .il'oul  .!  nulc'  i'' ■ ilMlr.i  i!i.  Ki-vMt.ii 
St.m.'n  ( Il'iKi't  1’  <»n  the  m.im  Imc  tn'in  P,uUiiiel'  :i  Stitl'Hl  m i ‘'lul.'U.  hut  it  u ..tteii  m’l.'.'.art 
t .luuitf  ,it  K..i.lmg  II  iv.  tV.mi  Chohey  M.in.iii  p.l^^  the  Man m.  hut  th.  .it.-  mlVt-.|iK-m  .m  ! 
It  n iiorm.illt  ivitslbic  to  provule  vMioi,  itiili  ir.mtp.,ri  I'rom  t hohet 


I ondon-C.r«*wniarsh-<'xford  Coach  S»r\icc 

Ihe  a-hni.rlv  Mnith  Mull.iii.l  . ouli  wrvi.e  kiuivii  I .itulou  'Vi.ion.i  t h Sun.iu  oul  (K. 
t'or.l,  vi.i  ,M  iuleuhe.nl,  llenlev  .iiul  t r.ntmirth.  p.no.u  the  iiulu  pit.-  of  the  llv.ir.iiilu.  Uev.ir.li 
Sl.ition.  It  It  iiormalK  neeestary  to  reserve  tukets  in  .i.lvame  .in  these  to.i.iies 

l ocal  Bus  Services 

'1  he  hnmlv  hus  M-I\  1.  f cr-i  Uo-uim;:  .out  c aU'  p.cscs  tho  m.uu  o.,*u-  Uu-  I .U.ivuu  - 

Hcv.ir«h  Staiioji  I Ins  utvkc  u run  jomtlv  bv  Oxhiril  Cus  M*'ior  Scivuo'  and  th>  Iluiuc' 
V.jIIcv  rraition  t >•  I bore  .»rc  also  irregular  \orvt.  r.  t<>  and  from  Abmgd"ti.  1 >idt«'t  and  1 lcnlc\ 


F22 


DISTRIBUTION  LIST 


Copies 

Office,  Chief  of  F.ngineers 

Director,  Civil  Works  1 

Dr.  G.  G.  Quarles.  Chief  Scientific  Advisor  i 

Mr.  R.  F.  Jackson,  Research  Coordinator  i 

U.  S.  Army  Coastal  Kngineerinq  Research  Center  i 

U.  S.  Army  Construction  Engineering  Research  Laboratory  i 

U.  S.  Army  Cold  Regions  Research  Engineering  Laboratory  i 

Hydrologic  Engineering  Center,  Sacramento  District  1 

U.  S.  Army  Engineer  Divisions 

Lower  Miss.  Valley  ^ 

Missouri  River  * 

New  England  ^ 

North  Atlantic  ^ 

North  Central  * 

North  Pacific  ^ 

Ohio  River  ^ 

Pacific  Ocean  ^ 

South  Atlantic  ^ 

South  Pacific  ^ 

Southwestern  i 


1 


